ABSTRACT
months old), older calf (4 -11 months old), subadult (1 -3 years old for females, 1 -6 years 1 0 8
old for males), or adult (> 3 years for females, > 6 years for males) using a suite of physical 1 0 9
characteristics (Strauss et al. 2015) , and size measured with photogrammetry (Lee et al. (IACUC) approval was necessary because animal subjects were observed without disturbance 1 1 6
or physical contact of any kind.
7
Quantification of Spot Patterns 1 1 8
We analysed spot traits of each animal within the shoulder and rib area by cropping all 1 1 9
images to an analysis rectangle that fit horizontally between the anterior edge of the rear leg 1 2 0 and the chest, and vertically between the back and where the skin folded beneath the posterior 1 2 1 edge of the foreleg (Fig 1) . We quantified spot characteristics of each animal's pattern using rectangle. Therefore all measurements are in giraffe units (GU), where 1 GU = height of the 1 2 9
analysis rectangle (Fig 1) . We excluded particles cut off by the edge of the analysis rectangle 1 3 0
to avoid the influence of incomplete spots, and we also excluded spots whose area was examined all identification photographs for individuals in known mother-calf pairs, and 1 6 8 selected the best-quality photograph for each animal based on focus, clarity, perpendicularity 1 6 9
to the camera, and unobstructed view of the torso. We found 31 known mother-calf pairs with
high-quality photographs of both animals.
7 1
We predicted spot pattern traits of a calf would be correlated with those of its mother 1 7 2
but not with a random cow. For comparison of spot characteristics between known mother-1 7 3
calf pairs, we created a null expectation set of random cow-calf pairs using the same 1 7 4
photographs by assigning a random mother to each calf (without replacement and without 1 7 5
pairing a mother with her own calf). We tested our prediction for each spot characteristic 1 7 6
using simple linear regressions of calf values versus mother values (heritability models), and
calf values versus random cow values (null expectation models). Because we examined 11 1 7 8 spot traits, we used the Bonferroni adjustment (α/number of tests) to account for multiple 1 7 9
tests and set our adjusted α = 0.0045. We performed statistical operations using the lm all 11 spot traits on juvenile survival to determine whether directional, disruptive, or 1 9 6
stabilizing selection was occurring. Our study design did not allow for the detection of other 1 9 7
forms of selection such as balancing or frequency-dependent selection. Based on previous 1 9 8
analyses for this population (Lee et al. 2016a, b) , we constrained parameters for survival (S) 1 9 9
and temporary emigration (γ and γ ) to be linear functions of age, and capture and 2 0 0 recapture (c and p) were time dependent {(S(A + covariate), lack of fit (߯ ଶ ଶ = 97, P = 0.01), but we felt this was largely due to lack of age effects in the 2 0 5
goodness-of-fit tested model, whereas age effects were included in our model selection and 2 0 6
estimation. Additionally, because the computed ܿ adjustment was < 3 (ܿ̂ = 1.5), we felt our We were able to quantify 11 spot traits using ImageJ, and found the traits with greatest 2 1 1 individual heterogeneity as measured by the CV were number of spots and area of spots 2 1 2 (these two traits were negatively correlated), and mode shade ( 
1 6
We found no spot pattern traits that had significant PO regression coefficients 2 1 7
between calves and random cows, but two characters, circularity and solidity (tortuousness) 2 1 8 (Fig 2) were significantly correlated between calves and their mothers indicating heritability 2 1 9
( Table 1) 
5
Our survival analysis of 258 calves first encountered as neonates indicated there was 2 2 6 no evidence that individual covariates of spot traits significantly affected survival during the 2 2 7 first season of life, but model selection uncertainty was high ( (Fig 2) . Our mode shade measurement was a crude metric, and color is greatly affected 2 6 6
by lighting conditions, so we suggest standardization of photographic methods to control for 2 6 7
lighting if color is to be analyzed in future studies.
6 8
One possible explanation for the lack of juvenile survival effects from spot variation 2 6 9 in our analysis is the recent reduction in large predator density in our study area (Packer et al. 
7 4
Alternatively, the possibility remains that spot traits may serve adaptive functions such as inbreeding avoidance also could play a role in the evolution of spot patterns in giraffes 2 8 0 (Beecher 1982; Tibbetts and Dale 2007; Sherman et al. 1997 spot variation may prove to be more relevant to fitness, such as social effects of individual 2 9 2 recognition or kin recognition, or thermoregulation, and deserve further investigation. We 2 9 3 may also have simply lacked sufficient sample sizes necessary to detect small adaptation or 2 9 4 fitness effects. Small and very difficult to detect differences in fitness may have profound 2 9 5
influence on phenotypic evolution compounded over thousands of generations (Orr 2009).
9 6
Patterned coats of mammals are hypothesized to be formed by two distinct processes: 2 9 7 a spatially oriented developmental mechanism that creates a species-specific pattern of skin 2 9 8
cell differentiation and a pigmentation-oriented mechanism that uses information from the 2 9 9
pre-established spatial pattern to regulate the synthesis of melanin (Eizirik et al. 2010) . The We have deposited the primary data underlying these analyses as follows:
-Sampling locations, original data photos, and spot trait data: Dryad offspring regression using data from a natural population. PLoS One 3:e1739. 
5 9
The blue rectangle shows the area analysed using ImageJ to characterize spot pattern 4 6 0 traits. of the same individual), PO slope coefficients (represents one-half of total heritability), F-statistics, P values, and r-squared values are provided.
7 0
Significantly heritable traits are in bold. 
